In Imo State, an increasing number of improved rice production technologies and management techniques have been introduced to rice farmers across the State. Despite the introduction of the rice production technologies, rice production continues to be low. This study therefore analyzed factors associated with adoption of improved rice production technologies in Imo State of Nigeria. Random sampling technique was used in selecting one hundred and thirty (135) rice farmers from the communities where rice is produced in the State. Data were collected with the aid of a structured questionnaire, and analyzed using descriptive statistics and logit regression. The result obtained shows that 73.33, 67.41, 78.52, 86.67 and 45.4% of the rice farmers adopted improved rice varieties, use of agrochemicals, fertilizer application, optimum seed rate, and mechanical harvesting, respectively. Farmers' socioeconomic factors such as age, income, cooperative membership, household size, level of education, farm size and number of contacts with extension agents affected adoption. These key factors need to be taken into consideration when expanded program on technology adoption is to be considered.
INTRODUCTION
Rice is an important staple food in Nigeria. Very significant proportions of the Nigerian population depend on rice for their food needs. Rice is grown in all the States of the federation and Federal Capital Territory though production varies from State to State and the prevalent types of rice production systems in Nigeria include rainfed upland, rainfed lowland, irrigated lowland, deep water floating and mangrove swamp (FMARD, 2011) . Table 1 shows major features of Nigerian rice production systems. Imo State rice production system is that of upland rainfed.
Domestic production of rice is below the demand in Nigeria and rising per capita is now complemented with huge import. Estimated national demand for rice is put at 5.2 million ton per annum, production is estimated at 3.3 million tons leaving a demand gap of 1.9 million tons E-mail: robertonyeneke@yahoo.com. 
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which is imported with the attendant drain on foreign reserve (FMARD, 2011) making Nigeria the largest importer in West Africa (USAID, 2010) .
Disseminating improved varieties and other modern inputs to rice farmers is very important to reduce the rate of rice importation in Nigeria (Saka and Lawal, 2009 ). Adoption of improved rice production technologies should lead to significant yield increase in rice production. Nigeria produces only about 2.8 million metric tons with a deficit of 1.6 million metric tons excluding the large quantity smuggled through the porous borders (USAID, 2010) . In a bid to address these problems, research institutes (IITA and NCRI) introduced varieties accompanied by other management practices that will produce higher yield in order to boost food security. Despite all these efforts, research findings still indicate that rural farmers in most cases find it difficult to obtain improved rice production inputs that are suitable to their local conditions (Awotide et al., 2012a; Awotide et al., 2012b; BATNF, 2015) . Reasonable proportions of the farmers are aware of the existence of improved rice production technologies, but they have not adopted them. Therefore, certain socioeconomic conditions differentiate farmers who are aware but have not been adopted and those who are aware and have been adopted. Most peasants are uneducated and ageing, the introduction of sustainable credit into agriculture will attract the youth and the educated, but in Imo State, the population of the youths in the rural area has been greatly vitiated by ruralurban migration, as most youth want to obtain white collar jobs and are not interested in farming (Nwajiuba, 2012; Saliu et al., 2016) . Lawal and Shittu (2006) posited that lack of access to credit causes setbacks to the productivity of farmers as a result of the fact that, these farmers do not have resources to procure improved seedlings, chemicals and hired labour, as well as transport and market their produce which would have improved their productivity.
Imo State is endowed with vast arable land and human resources for rice production. However, it seems that rice farmers in Imo State have not been able to explore all these favourable variables to farmers to adopt and achieve desirable increase in yield. This could be due to some problems such as the inability of the farmers to adopt improved seed varieties, credits, use of agrochemicals and other technologies, poor socioeconomic background of the farmers as asserted by Byron et al. (2005) . In order to improve on the production of rice in Imo State, one may want to know the following: i. What are the socio-economic characteristics of rice farmers in the area? ii. What is the level of adoption of improved rice technologies by farmers in the area? iii. What are the factors affecting adoption of improved rice technologies in the area?
LITERATURE REVIEW
It is believed that the adoption of new agricultural technology, such as the high yielding varieties that kickstarted the green revolution in Asia, could lead to significant increases in agricultural productivity in Africa and stimulate the transition from low productivity subsistence agriculture to a high productivity agroindustrial economy (World Bank, 2008) . In this regard, Mendola (2007) observes that the adoption of high yielding varieties has had a positive effect on household well-being. In addition, empirical studies show that gains from new agricultural technology influenced the poor directly, by raising incomes of farm households and, indirectly, by raising the employment and wage rates of functionally landless laborers, and by lowering the price of food staples (de Janvry and Sadoulet, 2002; Irz et al., 2002; Bellon et al., 2006; Evenson and Gollin, 2003; Diagne et al., 2009) .
Research findings carried out by some scholars and Institutes on technology adoption in developing countries on factors that influenced technology adoption can be grouped into the following three broad categories (Feder et al., 1985) : (1) factors related to the characteristics of producers; (2) factors related to the characteristics and relative performance of the technology and (3) institutional factors. Nasiru (2014) stated that the factors related to the characteristics of producers include educational level, experience in the activity, age, gender, level of wealth, farm size, labour availability, risk aversion, etc. He asserted that the factors related to the characteristics and performance of the technology include food and economic functions of the product, the perception of individuals of the characteristics, complexity and performance of the innovation, its availability and that of complementary inputs, the relative profitability of its adoption compared to substitute technologies, the period of recovery of investment, the susceptibility of the technology to environmental hazards etc. He further opined that the institutional factors include availability of credit, the availability and quality of information on the technologies, accessibility of markets for products and inputs factors, the land tenure system, and the availability of adequate infrastructure etc. Also, Matata et al. (2001) listed factors like personal, institution, environmental and socio-economic factors as influencing technology adoption. Adesina and Baidu-Forson (1995) found that age was negatively related to probability of participating in rice development projects, though Asante et al. (2011) recorded a positive relationship. Saliu et al. (2016) examined the socio-economic determinants of the adoption of improved rice technologies by small scale farmers in Kogi State, Nigeria using multistage random sampling to select 120 registered rice farmers with the Kogi State Agricultural Development Project (ADP). Frequencies, percentages, mean, mode, mean scores and ordered probit regression were used to analyze the data. Their findings revealed that all the farmers adopted the use of agrochemicals and they categorized the farmers into low, medium and high adopters. However, the marginal effects of the ordered probit revealed that farm size, household size and contact with extension agents favoured the adoption of all the eight most important rice technologies which could be used as a measure towards pleasant disposition to commercial rice farming. Oladele and Kolawole (2013) examined the ex-ante adoption of Sawah rice production technology in Kwara State Nigeria using random sampling techniques in the selection of respondents and logit regression in their analysis. They found the significant determinants of adoption of Sawah rice production technology in Kwara State to be practicability of the technology, labour requirement, extension support/training, age, education, farming experience, and gender. Other factors are knowledge of rice cultivation, returns to investment, access to credit and loans, use of family labour, availability of seeds/planting materials, cultivate rice on lowland, existing farmers groups, information on rice from input dealers, information on rice from extension officers, information on rice mobile phones and distance to market. Arimi and Olajide (2016) investigated the differences between male and female adopters of improved rice production technology in Ogun and Ekiti States using ttest and the factor analyses. The result indicated that there was significant difference between male and female farmers' adoption of improved rice production technology in the study areas. Institutional, motivational, innovational, attitudinal, environmental and different socio-economic variables are the key factors influencing male and female farmers' decisions on technology adoption. They concluded that these key factors need to be taken into consideration when expanded program on technology adoption is to be considered. Oladele and Wakatsuki (2012) analyzed whether and how a farmer's decision to adopt a new technology depends upon the adoption decision of other farmers in their social group. The specific application of the socioeconomic and dynamics of farmers association to adoption was explained through a cross sectional data collected from adopters and non-adopter of Sawah rice technology in Ghana and Nigeria. The findings indicate that the use of various technologies depends on socioeconomic variables and the existence of different dimensions of social dynamics. Overall the evidence from their study suggests that network effects are important for individual decisions, and that, in the particular context of agricultural innovations, farmers share information and learn from each other. Individual adoption decisions depend upon the choices of others in the same social networks. Since farmers anticipate that they will share information with others, farmers are expected to be more likely to adopt when they know many other adopters. Dontsop-Nguezet et al. (2012) used the local average treatment effect (LATE) to estimate the impact of adoption of improved rice varieties on rice farmers' productivity in the three major rice ecologies of Nigeria. Findings of the study indicate that adoption of improved varieties helped raise farmers' area harvested and yield per hectare, respectively, by 0.39 ha and 217.9 kg/ha for NERICA and 0.51 ha and 210.4 kg/ha for other improved varieties, thereby increasing their productivity.
In addition, NERICA varieties performed better than any other upland improved variety and the impact of its adoption on both area harvested and yield was greater among female rice farmers than among their male counterparts. Alarima et al. (2011) examined factors affecting the adoption of sawah technology in Nigeria using regression analysis and descriptive statistics. Their descriptive results stipulates that the farmers were predominantly male, married and had Quranic education, with mean age of 42.30 years with mean household size of 14, farm sizes ranged from 0.03 to10 ha (mean 0.5 ha), the mean yield was 4.65 tons per hectare. Factors identified affecting farmers' adoption of sawah technology were attitude of farmers, attributes of sawah technology, access to contact farmers and household size influenced the adoption of sawah technology. Umeh and Chukwu (2015) investigated the determinants of adoption of improved rice production technologies in Ebonyi State of Nigeria using multi-stage random and systematic sampling techniques to select a total of 240 (two hundred and forty) rice farmers from the three agricultural zones of the state. Primary data were collected with the aid of a well-structured questionnaire and interview schedule; and analyzed using both descriptive and regression analysis. Their regression result shows that variables that determine the adoption of rice technologies include gender, age, marital status, and household size.
Onumadu and Osahon (2014) investigated the socioeconomic determinants of adoption of improved rice technologies by farmers in Ayamelum Local Government Area by Anambra State, Nigeria using multiple regression analysis. Their result indicates that age, gender, education, farm size, farming experience and membership of farmers' association are significant in the adoption of improved rice farming technologies.
CARD (2012) identified traditional rice-cropping problems which include the use of low quality, mixed varieties seed leading to degradation over time in quality, high cost of fertilizer and difficulty in procuring fertilizer in the appropriate amount at the appropriate time, low level of knowledge and training, lack of irrigation facilities, lack of storage facilities, poor pests and disease management, ineffective farm implements, lack of access to institutional and infrastructural support and low farm mechanization. However, according to IRRI (2015) , rice production can generally be divided into seed selection, land preparation, timely planting, crop establishment, water management, nutrient management, crop health, harvesting and post harvesting operations.
METHODS USED
The study was conducted in Imo State, Nigeria. Imo State is located in southeast Nigeria. It has an estimated population of 3,934,899 people (National Population Commission, 2006 Rice is grown in three Local Government Areas and fourteen communities in Imo State, and it is widely consumed by millions of people in the State. Ideato North, Ihitte Uboma, and Oguta Local Government Areas (LGAs) are the LGAs where rice is grown in Imo State. Two-stage random sampling technique was adopted in the selection of respondents for this study. First, three communities were randomly selected from each of the LGAs where rice is cultivated in the State. Second, fifteen (15) rice farmers were randomly selected from the communities, making a total of one hundred and thirty five (135) respondents for the study. Structured questionnaire was administered to 135 selected rice farmers. Data collected were analysed using descriptive statistics and logit regression.
Logit regression models make it possible to estimate the probability of adopting an improved rice production technology, conditional on the independent variables included in the model. This takes the form:
Where: Pi = is the probability that the event occurs to an individual with a given set of characteristics, Xi; β0 = is the intercept or constant; βi = is the vector of coefficients of the vector of covariates or coefficients, Xi; Li = logit; = odds ratio of probability of occurrence of events; Xi = Explanatory variables; Qi = Adoption of rice technology; 1= adopt, otherwise = 0. i = 1, 2, 3, 4, 5, 6, 7, 8, 9, 10; 1 = Improved rice varieties; 2 = Improved line spacing; 3 = Planting depth; 4 = Use of agrochemicals; 5 = Fertilizer application; 6 = Mechanized harvesting; 7 = Improved nursery; 8 = Timely transplanting; 9 = Optimum seed rate; 10 = Modern rice milling; The explanatory variables are; X1 = Age of the farmer (years); X2 = Farm income (Naira); X3 = Household size (Number); X4 = Level of education (years); X5 = Farm size (hectares); X6 = Farming experience (years); X7 = Membership of cooperative (1 = member; otherwise = 0); X8 = Number of contact with extension agents (Number); e = error term.
The parameter estimates of the binary logit model provide only the direction of the effect of the independent variables on the dependent variable, but estimates do not represent either the actual magnitude of change nor probabilities. Differentiating Equation (2) with respect to the exogenous variables provides marginal effects of the explanatory variables. The marginal effects or marginal probabilities are functions of the probability itself and measure the expected change in probability of choice (adopted or not adopted) being made with respect to a unit change in an independent variable from the mean (Greene, 2000; Deressa et al., 2008) . to 50 years. It was then found that the mean age of farmers was 46 years. This is an indication that rice production in the area is dominated by farmers in the active age. The implication is that farmers in this age category may be more likely to handle risks involved in adopting improved technologies in rice agricultural production. This age category was in line with those Bekele (2005) referred to as economically active groups. The table indicates that majority (66.67%) of the farmers were males. This is consistent with the findings of Dontsop-Nguezet et al. (2011) and Chekene and Chancellor (2015) who found that the majority of rice farmers in Nigeria were males. Majority (76.30%) of the farmers were married, as also observed by Kolawole et al. (2012) in their study. Married farmers are more "advantaged" in agricultural production and improved agricultural technology adoption because spouses and children of married farmers constitute the major labour force in rice production.
RESULTS AND DISCUSSION

Socioeconomic characteristics of rice farmers
It was further found that the average household size of the farmers was 10 persons. This implies that rice farmers in the area have considerable family labour. This is consistent with the findings of Dontsop Nguezet et al. (2011) who found the average household size of rice farmers in the three major rice ecologies of Nigeria to be 10 persons. Family labour is important in rice production as it reduces the amount spent on hired labour, as opined by Garba et al. (2011) . Table 2 shows that majority (69.63%) of the rice farmers had secondary education. This implies that most rice farmers in the area completed their secondary education. Thus, the bulk of the farmers is somewhat educated and can presumably interact to generate new ideas to changing conditions in rice production. This supports the findings of Amaza and Tashikalma (2003) , Kolawole et al. (2012) and Agbamu (2005) who stated that the literacy level of farmers enhances the rate of adoption of improved technology.
The average farm size of the farmers was 1.8 ha. This implies that the study area comprises mostly small-scale farmers. This agrees with Olayide (1992) that Nigerian farmers are small-scale farmers that cultivated small areas of land.
It was further found that the average rice farming experience in the area was 18 years. This implies that many of the farmers are quite "old" in rice production. Experience, they say, is the best teacher. Long farming experience is an advantage for increased rice production since it may encourage rapid adoption of improved rice technology (Obinne, 1991) .
Furthermore majority (74.07%) of the rice farmers were members of cooperative societies. As posited by Rahji and Fakayode (2009) , membership of association is expected to assist farmers to get easy access to credit and other production inputs.
Adoption of rice production technologies
Adoption of improved rice production technologies is presented in Table 3 . The table shows that 73, 78 and 86% of the farmers adopted improved rice varieties, fertilizer application, and optimum seed rate in planting respectively. About 67% adopted agrochemicals in rice production in the area.
Factors affecting adoption of rice production technologies
The factors influencing the adoption of rice production technologies were examined using binary logistic regression models. For each rice production technology, the farmers were classified into adopters and nonadopters of such a technology. Ten binary logit regressions were carried out representing the determinants of each of the identified rice production technologies. The likelihood ratio estimates of the logit models indicated that all the Chi-square statistics were highly significant (p < 0.001) suggesting that the models were adequate for explaining the determinants of improved technologies in rice production. This conforms to the result of Omonona et al. (2006) . The stated decision to adopt a rice production technology by the farmers was significantly associated with some of the included socioeconomic factors. The marginal effects of the logit regression results are presented in Table 4 and discussed thus:
Age of the farmers was negative across use of agrochemicals, mechanized harvesting, optimum seed rate, and modern rice milling, indicating adoption of these technologies decreased with age. This explains the negative relationship between adoption of these innovations and age. The result shows that a unit increase in the age of the farmers decreased the likelihood of using agrochemicals by 0.011 (1.1%), mechanized harvesting by 0.004 (0.4%), optimum seed rate by 0.011 (1.1%) and modern rice milling by 0.0098 (0.98%). This agrees with Adesina and Baidu-Forson (1995) , that age was negatively related with probability of participation in Rice Development Projects. Contrarily age of the farmers significantly increased the uptake of improved nursery and timely transplanting. This relationship could be due to the fact that; the options here have been practised for a long period of time and are well known by older farmers than their younger counterparts. This is in line with Asante et al. (2011) and Gbetibouo (2009) who found positive relationship between age and adoption of improved technologies. The result shows that a unit increase in the age of the farmers increased the likelihood of using improved nursery by 0.110 and timely transplanting by approximately 0.004 (0.4%). The income of farmers surveyed had a positive and significant effect on the likelihood of adopting improved rice varieties, planting depth, use of agrochemicals, use of fertilizer, mechanized harvesting, improved nursery, and modern rice milling. Perhaps, the result is connected to the higher-income farmers are possibly less risk averse and have more access to information, a lower discount rate, a longer-term planning horizon and wealthier than less-income farmers (Franzel et al., 1999; CIMMYT, 1993) . The result shows that a unit increase in the income of the farmers increased the likelihood of adopting improved rice varieties by 0.00000414 (0.000414%), planting depth by 0.017 (1.7%), agrochemicals by 0.00000252 (0.000252%), fertilizer by 0.00000341 (0.000341%), mechanical harvesting by 0.00003 (0.003%), improved nursery by 0.00005 (0.005%), and modern rice milling by 0.00005 (0.0005%). Krause et al. (1990) , Immink and Alarcon (1993) and Iheke (2006) noted that lack of funds and access to credit prohibits smallholder farmers from assuming risks of financial leverage associated with the adoption of new technology.
Household size of farmers significantly increased the likelihood of adopting improved rice varieties, improved line spacing, planting depth, use of fertilizer, and optimum seed rate. This indicates that household size increases the probability of uptake of these technologies, perhaps because technologies in rice production require additional labour from the farmer, which is usually provided by his/her household members. The result shows that a unit increase in the household size of the farmers increased the likelihood of using improved varieties by 0.0245852 (2.46%), improved line spacing by 0.023 (2.3%), planting depth by 0.029 (2.9%), fertilizer by 0.021 (2.1%), and optimum seed rate by 0.028 (2.8%).
Education of the farmers was positive and significant on the likelihood of adopting improved rice varieties, agrochemicals, fertilizer, mechanized harvesting, improved nursery, timely transplanting, and optimum seed rate. This indicates the positive relationship between education and adoption of such rice production technologies. The result shows that a unit increase in the number of years spent in school by the farmers increased the likelihood of adopting improved rice varieties by 0.018 (1.8%), agrochemicals by 0.053 (5.3%), fertilizer by 0.018 (1.8%), mechanized harvesting by 0.0097 (0.97%), improved nursery by 0.559 (55.9%), timely transplanting by 0.0096 (0.96%), and optimum seed rate by 0.026 (2.6%). According to Iheke (2010) , education increases the ability of the farmers to adopt agricultural innovation and hence improve their productivity and efficiency.
Farmers' land area cultivated was positively and significantly related to the likelihood of adopting improved rice varieties, improved line spacing, agrochemicals, fertilizer, mechanized harvesting, optimum seed rate, and modern rice milling. The result shows that a unit increase in hectarage cultivated by the farmers increased the likelihood of adopting improved rice varieties by 0.106 (0.5%), improved line spacing by 0.070 (7%), agrochemicals by 0121 (12.1%), fertilizer by 0.088 (8.8%), mechanized harvesting by 0.050 (5%), optimum seed rate by 0.082 (8.2%), and modern rice milling by 0.106 (10.6%). However, farm size significantly decreased the probability of uptake of planting depth. A unit increase in the farm size decreased the likelihood of adopting the ideal planting depth for rice cultivation by 0.017 (1.7%).
Farming experience increases the probability of uptake of planting depth; improved nursery, and timely transplanting. Highly experienced farmers are likely to have more information and knowledge on rice production management practices. The result shows that a unit increase in the number of years spent in rice farming increased the likelihood of adopting ideal planting depth by 0.058 (5.8%), improved nursery by 0.991 (99.1%), and timely transplanting by 0.014 (1.4%).
Membership to cooperative societies significantly increased the probability of uptake of planting depth and fertilizer. Generally, the more farmers are involved in farmer organizations' meetings and activities, the more they will access new information about improved technologies and the more s/he will easily develop positive attitude towards the adoption of production technologies. The result shows that farmers who are actively participating in social organizations had increased likelihood of adopting ideal planting depth by 0.018 (1.8%) and fertilizer by 0.104 (10.4%).
Contact with extension agents had a positive effect across all the improved production technologies except modern rice milling indicating that extension contact increases the likelihood of adopting improved rice production technologies. Extension services serve as important source of information on agricultural production. Farmers who have significant extension contacts have better chances to be aware of various management practices that they can use to increase production. The result shows that a unit increase in the number of visits of extension agents to the farmers increased the likelihood of adopting improved rice varieties by 0.024 (2.4%), improved line spacing by 0.014 (1.9%), planting depth by 0.010 (1%), use of agrochemicals by 0.022 (2.2%%), fertilizer by 0.017 (1.7%), mechanized harvesting by 0.011 (1.1%), improved nursery by 0.250 (25%), timely transplanting by 0.010 (1%), and optimum seed rate by 0.015 (1.5%).
Conclusion
The common improved rice technologies stated as being adopted by farmers in the area include improved rice varieties, fertilizer application, agrochemicals and optimum seed rate in planting, respectively. Socioeconomic characteristics of the farmers are significantly associated with the stated adoption of the various improved rice production technologies in the area.
In view of the fact that socioeconomic factors such as farm income, cooperative membership, household size, level of education, farm size and number of contacts with extension agents are seemingly associated with stated adoption, the study recommends that programs should be designed to improve these socioeconomic characteristics of rice farmers in the area. This will go a long way as to increasing the adoption of improved technologies in the area.
Farmers should receive more training and knowledge about improved rice technologies through steady flow of information by the extension agents. Rice processing industries should be established by private organizations to encourage commercial farming to support adoption of more improved rice technologies. The high indication of adoption of the rice technologies should be used to an advantage by private rice industries who can utilize these farmers as out growers to feed their rice industries.
